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Abstract
Coronavirus disease 2019 (COVID‐19) has become a pandemic disease globally. While it mostly presents with respira-
tory symptoms, it has already been found that it could manifest with a series of neurological symptoms as well, either at 
presentation or during the course of the disease. Symptoms vary from non-specific such as headache or dizziness to more 
specific such as convulsions and cerebrovascular disease (CVD). This study aims to give an overview of the neurological 
manifestations of COVID-19 and discuss the potential pathogenetic mechanisms of central nervous system (CNS) involve-
ment. Clinicians and especially internists, neurologists, and infectious disease specialists should be aware of these symptoms 
and able to recognize them early. Prompt diagnosis and immediate management of the neurological manifestations of the 
novel coronavirus will not only improve the prognosis of COVID-19 patients but will also prevent the dissemination of the 
disease due to misdiagnosed cases.
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Introduction

Coronavirus Disease 2019 (COVID-19) epidemic emerged 
in December 2019 in Wuhan, China and has rapidly spread 
to the rest of the world. The outbreak has been declared a 
world pandemic by WHO on 11 March 2020, with more 
than 2,500,000 cases worldwide so far [1]. COVID-19 is 
confirmed to be caused by a novel coronavirus (2019 novel 
coronavirus, 2019-nCoV) and presents with symptoms simi-
lar to those of severe acute respiratory syndrome coronavirus 
(SARS-CoV) in 2003. Both viruses shared the same recep-
tor, angiotensin-converting enzyme 2 (ACE2) [2], thus, the 
novel virus was named SARS-CoV-2.

COVID-19 typically presents with fever and respiratory 
symptoms including dry cough and dyspnea. The elderly 
population is more likely to develop severe disease compli-
cations, especially those with comorbidities such as hyper-
tension, diabetes mellitus, and chronic obstructive pulmo-
nary disease (COPD). However, neurological manifestations 
of the novel coronavirus are not precepted by all clinicians, 

thus, leading to inappropriate management of COVID-19 
patients presenting with non-specific neurological symp-
toms initially. This article aims to review the cases, which 
reported neurological symptoms at presentation or during 
the course of the disease and discuss the potential mecha-
nisms of Central Nervous System (CNS) involvement in 
COVID-19.

SARS‑CoV‑2 overview

Coronaviruses (CoVs) have an average diameter of 100 nm, 
and they are spherical or oval. They are enveloped viruses 
with a single-strand, positive sense RNA-genome. The 
SARS-related coronaviruses are covered by spike proteins 
and when observed in the electron microscopy they have a 
typical crown-like shape. Spike proteins contain a variable 
receptor-binding domain (RBD), which binds to angiotensin-
converting enzyme-2 (ACE-2) receptor found in the heart, 
lungs, kidneys, and gastrointestinal tract, thus, facilitating 
viral entry into target cells [2, 4].

SARS-CoV-2, along with SARS-CoV and Middle East 
respiratory syndrome coronavirus (MERS-CoV), is among 
the seven known coronaviruses that can infect humans with 
a genome length of 29,000 nucleotide bases, which preserve 
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the genetic information for its reproduction. The genetic sim-
ilarity between SARS-CoV-2 and bat coronavirus is 96% 
whilst its genetic similarity with SARS-CoV is 79.5% [4]. 
Therefore, it is believed that the novel coronavirus originated 
from bats and after mutating, it infected other animals and 
humans. Malayan pangolin is considered the intermediate 
host of SARS-CoV-2 [5].

SARS-CoV-2 is thought to be transmitted most readily 
by respiratory droplets. Moreover, the digestive tract might 
be another transmission route as the virus has been detected 
in human stool [6]. Additionally, it is believed that it can be 
transmitted through aerosols under prolonged exposure, in 
a closed environment.

Neurological manifestations of COVID‑19

Encephalitis–meningitis

Two cases of Sars-CoV-2-related encephalitis have been 
reported so far [7, 8]. The first one, is a 24-year-old man 
in Yamanashi, Japan, who initially complained about head-
aches, fever, and fatigue. He was prescribed antipyretic 
agents and laninamivir under the diagnosis of influenza 
and was advised to stay home. However, a few days later 
he was found unconscious and was transferred to the hospi-
tal, where he presented with generalized seizures, Glasgow 
coma scale (GCS) of 6 and neck stiffness. Brain magnetic 
resonance imaging (MRI) showed hyperintensity along the 
wall of the inferior horn of the right lateral ventricle and 
hyperintense signal changes in the right mesial temporal 
lobe and hippocampus with slight hippocampal atrophy 
in diffusion-weighted images (DWI) and fluid-attenuated 
inversion recovery images (FLAIR), indicating right lateral 
ventriculitis and encephalitis mainly on right mesial lobe 
and hippocampus. Although the specific SARS- CoV-2 RNA 
was not detected in the nasopharyngeal swab, it was detected 
in CSF confirming the diagnosis of Meningitis/Encephalitis 
associated with SARS-Coronavirus-2. The other case was 
reported in Ditan Hospital, Beijing, China, where a 56-year-
old patient diagnosed with COVID-19 developed an altered 
level of consciousness. Although he had normal brain com-
puterized tomography (CT) scans, cerebrospinal fluid (CSF) 
testing for SARS-CoV-2 was positive, confirming the diag-
nosis of encephalitis due to the novel coronavirus.

Encephalopathy

The first case was reported in Detroit, Miami, and is about 
a female airline worker in her late fifties presented with a 
3-day history of cough, fever, and altered mental status [9]. 
She was diagnosed with COVID-19 through the detection 

of the RNA of the novel coronavirus in the nasopharyngeal 
swab. However, due to a traumatic lumbar puncture, CSF 
testing for SARS-CoV-2 was unable to be performed. Non-
contrast brain CT scan demonstrated symmetric hypoat-
tenuation within the bilateral medial thalami. Brain MRI 
demonstrated hemorrhagic rim enhancing lesions within 
the bilateral thalami, medial temporal lobes, and subin-
sular regions. Clinical presentation and imaging findings 
were consistent with the diagnosis of acute necrotizing 
encephalopathy (ANE), a rare complication of influenza 
and other viral infections, which has been related to intrac-
ranial cytokine storms, resulting in blood–brain-barrier 
breakdown [10]. The patient was treated with intravenous 
immunoglobulin. The second case concerns a 74-year-
old patient, presented at the emergency department (ED) 
with fever and cough, who was initially discharged home 
with oral antibiotics [11]. He returned to the ED within 
24  h with worsening symptoms, including headache, 
altered mental status, fever, and cough. Upon examina-
tion, the patient was found encephalopathic, nonverbal, 
and unable to follow any commands. Non-contrast, brain 
CT scan showed no acute abnormalities whilst electroen-
cephalography (EEG) showed bilateral slowing and focal 
slowing in the left temporal region with sharply countered 
waves. The patient was found to be positive for COVID-19 
(nasopharyngeal swab), whilst CSF testing did not reveal 
a central nervous system infection.

Cerebrovascular disease

Two studies have been conducted so far, regarding the 
association of COVID-19 and cerebrovascular disease 
(CVD). The first one is a retrospective, observational 
analysis of consecutive COVID-19 patients admitted to 
Union Hospital, Wuhan, China [12]. It showed that CVD is 
not uncommon during SARS-CoV-2 infection, especially 
in older patients with risk factors. More specifically, 5% 
of the patients developed acute ischemic stroke, 0.5% cer-
ebral venous sinus thrombosis, and 0.5% cerebral hemor-
rhage. Patients who developed CVD were more likely to 
present with severe COVID-19, and to have cardiovascular 
risk factors such as hypertension, diabetes, and previous 
medical history of CVD. The other study is a retrospective 
case series in Wuhan, China, which reported the neuro-
logical symptoms of COVID-19 patients [13]. It showed 
that patients with severe COVID-19 were more likely to 
develop CVD as compared with non-severe cases. (5.7%—
four cases of acute ischemic stroke and one case of cer-
ebral hemorrhage vs. 0.8%—one patient with ischemic 
stroke). However, we should mention that both studies 
were conducted in Wuhan, China, thus, findings cannot 
be applied to the general population.
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Olfactory and gustatory disorders

It is well-known that viral infections including coronaviruses 
can lead to smell dysfunction [14, 15]. Post-viral anosmia 
is one of the leading causes of loss of sense of smell in 
adults, accounting for up to 40% cases of anosmia [16]. The 
underlying cause is primarily mucosal congestion, which 
leads to nasal obstruction and conductive olfactory loss [16]. 
However, the novel coronavirus is thought to cause olfactory 
and gustatory disorders without causing rhinorrhea or nasal 
obstruction. A multi-center European study showed that 
85.6% and 88.8% of COVID-19 patients developed olfac-
tory and gustatory disorders respectively [17]. Regarding 
the olfactory disorders, 79.6% of the patients were anosmic 
and 20.4% were hyposmic. Interestingly, among the 18.2% 
of patients without nasal obstruction or rhinorrhea, 79.7% 
were hyposmic or anosmic, suggesting that the inflamma-
tory reaction of the nasal mucosa is not the cause of smell 
dysfunction in this case. The gustatory dysfunction consisted 
of reduced, discontinued, or distorted ability to taste fla-
vors (salty, sweet, bitter, and sour) in 78.9% and 21.1% of 
patients, respectively.

Other neurological symptoms

Besides the clinical manifestations mentioned before, SARS-
CoV-2 can potentially present with a number of non-specific 
neurological symptoms. The above-mentioned clinical case 
series in Wuhan, China, showed that 36.4% of COVID-19 
patients had neurological symptoms at onset. The most com-
mon neurological symptoms were dizziness (16.8%), head-
ache (13.1%), skeletal muscle inflammation (10.7%), and 
altered mental status including confusion, disorientation, 
and impaired level of consciousness (14.8%) [13]. Nerv-
ous system symptoms were significantly more frequent in 
patients with severe COVID-19 as compared to non-severe 
cases (45.5%) vs. (30.2%). The severity of COVID-19 was 
defined by the international guidelines for community-
acquired pneumonia [18].

Guillain‑Barré syndrome

Finally, a case of Guillain-Barré syndrome should be dis-
cussed, even though it only suggests a possible association 
with SARS-CoV-2 and not a proven causal relationship 
[19]. A 61-year-old woman without respiratory symp-
toms presented to the hospital with acute weakness in both 
legs and severe fatigue, progressing within one day. Upon 
examination she disclosed symmetric weakness (4/5) and 
areflexia in both legs and feet. Three days after admission, 
her symptoms progressed. Muscle strength was grade 4/5 in 
both arms and hands and 3/5 in both legs and feet. Sensa-
tion to light touch and pinprick was decreased distally. CSF 

testing showed increased protein levels and nerve conduc-
tion studies showed delayed distal latencies and absent F 
waves in early course, supporting demyelinating neuropathy. 
The woman was diagnosed with Guillain-Barré syndrome. 
Seven days after admission she developed dry cough, fever 
(38.2 °C) and she was found to be positive for COVID-19 
(nasopharyngeal swab). Although she had not initially pre-
sented with respiratory symptoms, it has been shown that 
sometimes SARS-CoV-2 may manifest in a non-specific 
way (fever in only 43.8%). Moreover, the patient’s initial 
laboratory abnormalities (lymphocytopenia and thrombo-
cytopenia), were consistent with the clinical characteristics 
of patients with COVID-19. Unfortunately, the absence of 
coronavirus testing on admission does not allow us to state 
a causal relationship between the novel coronavirus and 
Guillain-Barré syndrome. However, it certainly suggests 
that a parainfectious pattern of the syndrome may exist and 
neurologists should be aware of the potential association.

Discussion

As the new epidemic is still ongoing, documentation of 
the neurological manifestations of SARS-CoV-2 is scarce. 
Patients with COVID-19 may initially present with non-
specific neurological symptoms including headache and 
dizziness. Others can develop more specific symptoms such 
as seizures and CVD. It has also been shown, that the more 
severe the infection, the more likely it is to develop neuro-
logical symptoms, especially CVD and altered mental status 
[13].

Human coronaviruses have already been found to be 
neuroinvasive and neurotropic [20, 21]. More specifically, 
SARS-CoV has been shown to induce various neurological 
diseases such as polyneuropathy, encephalitis, and aortic 
ischemic stroke [22]. In addition, its RNA has been detected 
in the CSF of a patient with the severe acute respiratory 
syndrome (SARS) while autopsy samples from eight patients 
with SARS revealed the presence of SARS-CoV in brain 
samples by immunohistochemistry, electron microscopy, 
and real-time-PCR (RT-PCR) [23, 24]. MERS-CoV is 
also a neuroinvasive coronavirus, which has been linked 
to a series of neurological manifestations including altered 
mental status, ischemic stroke, and Guillain-Barré syndrome 
[25]. The genetic and structural similarities of SARS-CoV-2 
with SARS-CoV and MERS-CoV, indicate that the novel 
coronavirus could potentially invade CNS using the same 
pathophysiological mechanisms the other coronaviruses use. 
Although, the exact pathophysiological mechanisms are not 
fully understood two possible theories have been proposed 
so far: hematogenous dissemination and neuronal retrograde 
dissemination. The first one requires the presence of a given 
virus in the blood, where it can either infect the endothelial 
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cells of the blood–brain-barrier (BBB), or infect leukocytes 
that will become some sort of viral reservoir for dissemina-
tion to other sites [26]. On the other hand, neuronal retro-
grade dissemination occurs when a virus migrates by infect-
ing sensory or motor nerve endings, achieving retrograde or 
anterograde neuronal transport, by using the cell machinery 
of active transport to access the CNS [26, 27]. Olfactory 
nerves and the olfactory bulb in the nasal cavity may work 
as a connecting channel between the nasal cavity and the 
CNS [28]. The latter scenario is further supported by the 
fact that many patients with COVID-19 experience anosmia 
or hyposmia [18]. Moreover, removal of the olfactory bulb 
in the mice resulted in a restricted invasion of CoV into the 
CNS [29].

Regarding the occurrence of acute cerebrovascular events, 
patients with severe COVID-19 are found to have increased 
levels of serum D-dimers, thus are more likely to develop 
acute embolic vascular events [30]. Also, the cytokine storm 
syndrome that the novel coronavirus causes, may lead to 
CVD as well [31]. Finally, thrombocytopenia that critically 
ill patients present, as well as blood pressure fluctuations in 
hypertensive patients due to SARS-CoV-2 binding to the 
ACE2 receptor may increase the risk of cerebral hemor-
rhage [30].

Conclusion

Although the respiratory manifestations of SARS-CoV-2 
are well recognized, the neurological manifestations have 
not been adequately studied yet. Critically ill patients are 
at a greater risk of developing neurological symptoms dur-
ing the course of the disease. Physicians should be aware 
of these symptoms and evaluate patients early to avoid the 
dissemination of the disease and improve the prognosis of 
patients. Continuing documentation of neurological symp-
toms and signs, timely CSF testing, EEG, and brain autop-
sies of COVID-19 patients who did not survive may help 
us understand better the neurological manifestations of the 
novel coronavirus as well as the pathophysiological mecha-
nisms of CNS involvement.
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